Introduction 42
The issue of marine debris has received considerable interest in recent years. Marine debris is 43 studied mainly into three types: shoreline debris that washes ashore [1] , [2] , floating debris that floats 44 on the ocean surface[3], [4] , and ocean floor debris that is deposited on the ocean floor[5],[6], [7] . 45
Most marine debris is composed of plastic, primarily because it is light strong and durable and well 46 suited for becoming marine debris; i.e., it floats on water and can be transported long distances 47 without being degraded [8] . Plastic debris in the ocean can be ingested by marine animals, or they 48 can become ensnared in it, can cause harm to marine mammal[9], [10] . Over time, plastic debris is 49 broken down into increasingly small fragments by UV light, temperature changes, and wave action. 50
Plastic fragments measuring 5 mm or less in size that are created by these processes are referred to 51 as microplastics. Microplastic also includes plastic less than 5 mm from original, such as microbeads 52 and resin pellets. Although it has been confirmed that plastics will be reduced to nano size, they 53 never disappear and remain in the environment for an extremely long time. Furthermore, such 54 microplastic fragments act as a medium that can concentrate persistent organic pollutants in 55 seawater, raising concerns that their ingestion will promote the uptake of persistent organic 56 pollutants by organisms [11] . 57
Considerable research has been conducted on the extent and status of marine debris and its impact 58 on marine life to date. A large proportion of this research has examined the effects of marine debris 59 on seabirds. In a study conducted in 1997, plastic was detected in 97.6% of juvenile birds sampled 60
[12]. According to Wilcoxa et al. (2015) , if this trend continues, plastic fragments will likely be 61 found in all seabird species by 2050 [13] . In this way, researching the relationship between seabirds 62 and plastic fragments contributes to prediction of the increase in microplastic. 63
On the other hand, some studies have evaluated the change in dust in the area by investigating the 64 stomach contents of the fish for a long time. Among fish species, research on the deep-water 65 longnose lancetfish (Alepisaurus ferox, Lowe 1833) has a relatively long history. 66
In 1964, plastics were found in the stomach of longnose lancetfish in Suruga Bay of Shizuoka 67 prefecture in Japan [14] . Longnose lancetfish (Alepisaurus ferox Lowe) is widely distributed in the 68 oceans of the worlds of the Pacific, Atlantic and Indian Oceans excluding bipolar regions. The body 69 length will be around 2 m, when they grow. This species belongs to the genus longnose lancetfish, 70 contains 2 genera in this department, one species (A. brevirostris Gibbs) does not live in the North 71
Pacific region. Both species are deep-sea fish and there is no fisheries value because muscle contains 72 a lot of water and it is inedible [15] . This species is among the most common bycatch species from 73 tuna longline fishing [16] . Also, longnose lancetfish has the characteristic of Stomach contents are 74 generally well preserved because food is stored in the stomach and digested in the intestines [17] . 75
The wide variation of sizes, textures, colors, and shapes of stomach contents demonstrate the 76 opportunistic feeding behavior and lack of selectivity [18] , and It is known that reflects the 77 composition of the animal society to which longnose lancetfish belongs in each ocean area [14] . 78
From these characteristics and research results that longnose lancetfish is suitable for use as an 79 indicator species of marine pollution, longnose lancetfish has been regarded as an indicator species 80 to examine the actual condition of marine debris. 81
However, although it has been reported that longnose lancetfish is an indicator species for marine 82 debris, there are few cases where the results are compared between waters. In previous studies, many 83 surface drifting marine debris observations have been conducted. Although marine debris needs to 84 be examined, not only at the ocean surface, but also in the water column. Therefore, in this study, we 85 compared the incidence and characteristics of artificial debris in the stomach of longnose lancetfish 86 collected in the coastal areas of Japan, the Pacific Ocean, and the Indian Ocean. Based on the results, 87
we tried to compare the actual condition of marine debris between ocean area. Umitaka-maru: 3391 GT from December, 2014 to December, 2015 to December, 2016 ( Fig. 1 ). In all 97 cases, fishing was conducted during the daytime, with fishing lines set in the morning and then 98 reeled in later the same day. Thawed frozen mackerel with fork lengths of 20 to 27 cm were used as 99 bait. Of the specimens caught, 34 were caught in Sagami Bay, 9 were caught in the North Pacific 100
Ocean, and 48 were caught in the Indian Ocean. All specimens were stored in a freezer immediately 101 after caught and stored frozen. And after the voyage, we analyzed them in the laboratory. At first the 102 frozen specimens were thawed that standard length (cm) and wet weight (g) were measured. The 103 stomach was excised similar to Jantz et al (2013) [19] . The excised stomach contents were treated 104 similar to jackson et al (2000) [20] . Fish were not sorted by sex because A. ferox are synchronous 105 hermaphrodites, where the ovarian and testicular tissues are simultaneously developed [21] . Plastic 106 marine debris pieces <1 mm in size were not quantified in this study as they were difficult to see 107
with the naked eye [22] . However, in this study, we couldn't find anthropogenic items of micro size 108 (< 5 mm). For this reason, we targeted anthropogenic items of macro size (> 5 mm). In addition, the 109 capture depth of each specimen was estimated based on the design of the longline fishing gear and 110 data from depth-loggers attached to some of the fishing gear. The capture depth was not estimated 111 for 12 specimens that had no record of hook number. 112 113
Stomach content analysis 114
After separating the extracted stomach contents into anthropogenic and natural items, the 115 anthropogenic items were further separated by shape and feel referred to the classification scheme of 116 Jantz et al (2013) [19] . Briefly, the items were sorted into seven items: plastic sheet, plastic piece, 117 rope piece, miscellaneous items, paper, rubber, yarn. 118
After that, the plastic sheet was sorted into plastic bags and food packaging items by printing, 119 color and feel. We then measured the longest axes, area, dry weight (g) of the anthropogenic and 120 natural items that were obtained. The stomach contents of 14 specimens caught in Sagami Bay, 8 121 specimen caught in the Indian Ocean, and one specimen caught in the North Pacific Ocean, were 122 photographed, and the projected areas and longest axes of different items were calculated using a 123
Microsoft Excel macro "!0_0! Excel Length and area measurement" 124 (http://www.vector.co.jp/soft/win95/art/se312811.html). Weight(g) was measured using an analytical 125 scale up to 0.1g.In addition, the anthropogenic stomach contents of ten specimens caught in Sagami 126
Bay, eight specimen caught in the Indian Ocean, and one specimen caught in the North Pacific 127 
Results

138
Incidence of anthropogenic debris ingestion 139
Anthropogenic items were found in the stomach contents of 32 out of 91 specimens, or 35% of the 140 specimens. Broken down by ocean area, the incidence of anthropogenic debris ingestion was highest 141
in Sagami Bay (23 of 34 specimens, 68%), followed by the Indian Ocean (8 of 48, 17%), and the 142 North Pacific Ocean (1 of 9, 11%)( Fig. 2a ). We then examined the relationship between body length 143 and the incidence of anthropogenic debris ingestion. As shown in Fig. 2b , the incidence of ingested 144 plastics was markedly lower in smaller specimens. From the body length distribution in different 145 ocean areas (Fig. 2c) , small specimens were common in the Indian Ocean, where there was low 146 incidence of anthropogenic debris, and in the North Pacific Ocean. These results suggest that the 147 difference in the incidence of anthropogenic debris ingestion could likely be attributed to differences 148 in ocean area, not body length. 149 150
Relative proportions of anthropogenic debris and food items 151
The relationship between the number of anthropogenic and food items in the stomach contents is 152 presented in Fig. 3 . The figure shows a comparison of the number of both anthropogenic and natural 153 items without considering their type or size. In some specimens, no items were found in the stomach; 154 these included 5 of 34 specimens caught in Sagami Bay, 22 of 48 specimens caught in the Indian 155
Ocean, and 2 of 9 specimens caught in the North Pacific Ocean. Data for these specimens were not 156 The types of anthropogenic items recorded in longnose lancetfish stomachs are shown in Fig. 4 . 166
Of the 130 anthropogenic items observed, 117 were recorded in specimens caught in Sagami Bay, 12 167 items were recorded in specimens caught in the Indian Ocean, and one item was recorded in a 168 specimen caught in the North Pacific Ocean. With the exception of one paper scrap, all of the items 169 were products derived from petroleum. The most common items, accounting for over 50% of the 170 items found, were sheet fragments. When bag fragments and food packing fragments believed to be 171 plastic sheet fragments are also included, plastic sheet fragments account for more than 70% of the 172 anthropogenic items recorded. Using photographs of the stomach contents of 25 specimens, we calculated the projected area of 177 the anthropogenic items and investigated the relationship between particle area and body length for 178 the specimens in which the debris was found. The smallest and largest anthropogenic items in the 179 photographs measured 11 mm2 and 18,196 mm2, respectively. More than 80% of the items were less 180 than 1,500 mm2, with the most common size ranging less than 100 mm2 (Fig. 6 ). No correlation was 181 observed between body length and size of the anthropogenic items observed (Fig. 6) . 182 183
Material composition of ingested anthropogenic debris 184
The material composition of anthropogenic items collected from 19 specimens is shown in Fig. 7 . 185
Of the 71 fragments examined, 37 were composed of polypropylene (PP), 26 were polyethylene 186 (PE), 4 was polycarbonate (PC), one was polyvinylidene chloride (PVDC), and 3was another plastic. 187 PP and PE, whose specific gravities are lower than that of seawater, accounted for more than 90% of 188 the observed items. We also examined the relationship between depth and stomach contents containing anthropogenic 198 debris. The relationship between the number of anthropogenic items observed and capture depth is 199 shown in Fig. 9 . There were three specimens in which at least 10 anthropogenic items were found; 200 these included two specimens caught at depths above 50 m and one specimen caught below 150 m. 201
The greatest capture depth for any specimen with anthropogenic debris in its stomach (2 fragments) 202 was 216 m. Although no correlation was observed between the number of fragments found and the 203 capture depth. 204
205
Discussion
206
The feeding strategy of the longnose lancetfish is to eat everything in its path. If a longnose 207 lancetfish senses an object in its environs, it will swallow it if it will fit in its mouth. The largest 208 specimen in this study, which had a standard length of 131.8 cm, was found to have cannibalized a 209 smaller longnose lancetfish whose standard length was 66.4 cm. It is considered that, if larger 210 fragments of marine debris are suspended in the ocean, that they would be ingested by longnose 211 lancetfish. Meanwhile, small fish measuring approximately 2 cm in length were found in the 212 stomach of another specimen that had a standard length of 120 cm. Combined with the absence of a 213 correlation between the size of anthropogenic items and standard length, these findings suggest that 214 longnose lancetfish, regardless of body length, do not have a preference for prey of any size. This 215 tendency is consistent with that reported by Jantz et al (2013) [19] . Although the longnose lancetfish 216 has this feeding habit, the majority of anthropogenic items found in this study were 1500 mm2 or 217 less in size. The anthropogenic debris in the stomach of the specimen caught at the greatest depth 218 (263 m) consisted of a plastic sheet (373 mm2). This plastic sheet was PP (Fig. 9 ). More than 70% of 219 the anthropogenic items found in this study were classified as plastic sheeting. Stomach content 220 analysis revealed that more than 90% of the plastic fragments were composed of PP and PE, which 221 have specific gravities that are less than that of seawater. Given that PP and PE plastic debris should 222 therefore float on the water surface, the abundance of these plastics in the stomachs of the lancetfish 223 examined suggests that these small fragments lost their buoyancy due to biofouling [23] and were 224 either in the process of settling or were suspended in the water column as they are neutrally buoyant. 225
In this study, none of the stomachs examined contained Styrofoam which are usually observed on 226 sea level pop-ups. That is, it is suggested that longnose lancetfish do not ingest debris floating on the 227 ocean surface but, rather, debris suspended in the epipelagic zone. Meanwhile, in the North Pacific 228
Ocean survey, plastic fragments, fishing nets, and different types of rope accounted for 90% of 229 ingested anthropogenic items. The composition of these materials differed substantially from 230 materials found elsewhere, suggesting that the composition of anthropogenic debris suspended in the 231 epipelagic zone differs by ocean region. Further, we think that these debris comprise small plastic 232 items or sheet-like fragments resulting from the breakdown of larger objects that have lost their 233 buoyancy and are suspended at depths between 0 and 200 m below the surface. Although the 234 presence of vast amounts of plastic in the open ocean, recent studies show that its measured 235 abundance is much smaller than expected [24] . There is the theory that a large part of the plastic has 236 been degraded by either physical and biotic processes [25] . Our result showed that plastic debris are 237 drifting from the middle layer to the deep layer as much as longnose lancetfish is mistaken for bait. 238
The incidence of anthropogenic debris ingestion in different ocean areas ranged from 68% in Sagami 239
Bay to 11% in the North Pacific Ocean, and 17% in the Indian Ocean. Comparing these results to 240 previous studies, anthropogenic debris was found in approximately 70% of longnose lancetfish 241 caught in Suruga Bay, and in 24% of longnose lancetfish caught near the North Pacific subtropical 242 frontal zone [14] , [19] . In our study, the result for Sagami Bay is similar to that for the catch in 243
Suruga Bay, suggesting that there is an increased probability of encountering anthropogenic debris 244 near human living environments. The incidence of anthropogenic debris ingestion has been shown to 245 increase near areas such as the North Pacific subtropical frontal zone, which is known to accumulate 246 marine debris [12] . Meanwhile, marine debris derived from plastic products was also found in 247 longnose lancetfish caught in the Indian Ocean and the North Pacific Ocean, which are not frontal 248 zones. The incidence of anthropogenic debris ingestion in the Indian Ocean was 17%, which was 249 11% in the Pacific Ocean. As a result of statistics analyzes, there was no significant difference 250 between the two values. From these facts, there is a possibility that there may be high density areas 251 in the Indian Ocean that are equal to or higher than the Pacific Ocean. 252
In addition, microplastics (< 5mm), which are smaller than the debris investigated in this study, respectively [27] . The results of our study suggest that marine debris not only exists at the ocean 257 surface and on the ocean floor, but also throughout the epipelagic zone in the form of plastic sheet 258 fragments that have started to degrade; this plastic debris is becoming widely distributed in the 259 Pacific and Indian Oceans. We conclude that ocean areas uncontaminated by marine debris are 260 beginning to disappear. At present, we do not know how long longnose lancetfish swim, how large 261 their ranges to feed area, how long it takes for ingested debris to be excreted, or even if it is excreted 262 9 at all. For this reason, we are not able to estimate the specific concentration of marine debris in the 263 epipelagic zone from longnose lancetfish. However, relative comparisons of different ocean areas 264 can be made by comparing the stomach contents of longnose lancetfish. We believe that comparison 265 of a wider range of ocean areas and continuous monitoring of relative amounts of marine debris in 266 the epipelagic zone are necessary. 
